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Azores. Results suggest that D. batis was commonly 
distributed in the Western Approaches and Celtic Sea, 
extending out to Rockall and Iceland. D. interme-
dius generally appears to be less abundant, but was 
most frequent around northern Scotland and Ireland, 
including the northern North Sea, and was also pre-
sent in Portugal. Two individuals were also identi-
fied from seamounts in remote areas of the Atlantic 
around the Azores, the furthest south and west the 
species has been found. This supports reports that the 
flapper skate historically had a much wider distribu-
tion (which was also highlighted in the distribution 
model), emphasising the large scale over which fish-
eries may have led to extirpations. Furthermore, these 
Azorean samples shared a unique control region hap-
lotype, highlighting the importance of seamounts in 
preserving genetic diversity.
Abstract Batoid fishes are among the most endan-
gered marine vertebrates, yet conservation efforts 
have been confounded by incomplete taxonomy. Evi-
dence suggest that the critically endangered ‘common 
skate’ actually represents two species: the flapper 
skate (Dipturus intermedius) and the blue skate (Dip-
turus batis). However, knowledge of the geographic 
range of these two nominal species is limited. Here, 
DNA sequencing is used to distinguish these species, 
allowing their spatial distributions to be clarified. 
These records were also used as the basis for spe-
cies distribution modelling, providing the first broad 
scale models for each species across the Northeast 
Atlantic. Samples were obtained from Iceland, the 
UK (specifically Shetland), the North Sea and the 
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Introduction
Elasmobranchs (sharks, skates and rays) are one of 
the oldest lineages of vertebrates, arising some 420 
million years ago. They rapidly diverged to monopo-
lise high trophic levels (Compagno 1990; Kriwet et al. 
2008), where they may play important roles in struc-
turing ecosystem dynamics (Heithaus et  al. 2012). 
Typical of predatory vertebrates, elasmobranchs can 
be characterised by a large size, slow growth rates, 
late maturity, and low fecundity—exhibiting high 
levels of maternal investment and long gestation peri-
ods (Cortés 2000; Dulvy et  al. 2014). Such life his-
tory traits, coupled with the ease of catch of larger 
species, make this group intrinsically at high risk of 
overexploitation by fisheries. In a recent global con-
servation assessment of chondrichthyans (sharks, 
skates, rays, and chimeras), approximately 25% were 
estimated to be threatened by extinction (Dulvy et al. 
2014). In particular, batoids (skates and rays) have 
suffered rapid abundance declines in recent decades, 
with many populations suffering extirpations and sig-
nificant range reductions (Brander, 1981; Casey and 
Meyers, 1998; Dulvy et  al. 2000). Despite growing 
concern for their conservation status, effective man-
agement of batoids has been limited by a lack of cor-
rect species delimitation and geographic range data, 
often owing to the high level of morphological and 
ecological conservatism among extant orders (Ebert 
and Compagno 2007). However, mitochondrial DNA 
(mtDNA) has proven to be effective in reconstruct-
ing batoid phylogenies. It has also become a useful 
tool in establishing correct species identification, par-
ticularly when ‘cryptic’ or morphologically indistin-
guishable species are present within a group (Cannas 
et al. 2010; Griffiths et al. 2010; Iglésias et al. 2010).
The ‘common skate’, Dipturus batis (Linnaeus 
1758), is one of the most vulnerable batoid species, 
now classified as critically endangered on the IUCN 
Red List (Dulvy et  al. 2006). Once abundant in the 
Northeast Atlantic and a primary constituent of the 
demersal fish community, this species’ former range 
is thought to have stretched from Iceland and northern 
Norway, through to Madeira and northern Morocco, 
including in the Mediterranean Sea (Whitehead et al. 
1984; Dolgov et al. 2005; Ellis et al. 2005). The most 
recent range-wide assessment by Dulvy and Reynolds 
(2002) indicated that the ‘common skate’ now 
appears to be absent from most of its former range 
and is locally extinct in the southern and central 
North Sea, western Baltic Sea and the western 
Mediterranean. This species has also disappeared 
from the Irish Sea, with just six individuals being 
recorded between 1988 and 1998 in the region. 
Notably, ‘common skate’ was the first marine fish 
species to have been formally described as locally 
extinct due to commercial fishing (Brander 1981; 
Dulvy and Reynolds 2002).
Recent work on the morphological, genetic, and 
life history characteristics of the ‘common skate’ 
(Iglésias et  al. 2010) suggested that it actually con-
sists of two nominal species. Concurrent work inves-
tigating the population genetic structure of ‘com-
mon skate’ around the UK drew similar conclusions, 
clearly distinguishing two genetically divergent and 
reproductively isolated groups (Griffiths et al. 2010). 
It was further suggested that there may be a degree 
of thermal and/or latitudinal separation between both 
groups (Griffiths et al. 2010). After a series of taxo-
nomic revisions, the names D. intermedius (flapper 
skate; Parnell 1837) and D. batis (blue skate) have 
been adopted for these two revised species (Last et al. 
2016). These results have serious implications for the 
conservation status of the ‘common skate’, as it is 
likely that the extinction risk of D. intermedius and D. 
batis is significantly higher than previous estimates 
that treated these species as a single homogenous 
unit. Of greatest conservation concern is perhaps D. 
intermedius, the larger of the two species, as size has 
previously been shown to be a powerful proxy for 
fisheries vulnerability and extinction risk in batoids 
(Dulvy et al. 2000; Dulvy and Reynolds 2002). How-
ever, work is still needed to clarify the distributions 
and abundance of these newly revised taxa. Whilst a 
recent study recognising the separation of these two 
species provided some insights into the distribution 
of the blue and flapper skate from around Rockall, 
Scotland, and as far South as the Celtic Sea (Frost 
et al. 2020), it did not include samples from the full 
extent of the range of the ‘common skate’ as reported 
by Dulvy and Reynolds (2002). Therefore, questions 
still remain as to which species, if any, is present in 
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Iceland and the Azores (Dulvy and Reynolds 2002). 
Insights into the range sizes of these two species may 
also provide additional understanding of the scale of 
their declines and local extirpation.
The aim of this study was to resolve the spatial dis-
tributions of the flapper and blue skate by sampling 
a more comprehensive geographic range than those 
examined in Griffiths et  al. (2010), Iglésias et  al. 
(2010) and Frost et al. (2020). For the first time, DNA 
sequence data was obtained from individuals col-
lected from Iceland, and as far south as the Azores. 
Mitochondrial control region (CR) sequencing was 
primarily used to distinguish between species. In 
order to facilitate broader phylogenetic comparison 
of these taxa, a smaller sub-set of representative sam-
ples were also analysed via the cytochrome oxidase 
I (COI) DNA barcode, with a focus on assessing its 
utility for distinguishing skate species.
Materials and methods
Control region sequence analysis
Sample collection for this study represents many years 
of efforts to collect blue and flapper skate tissue from 
across the North Atlantic. Fin clips from 44 ‘common 
skate’ captured during research cruises off southern 
Iceland in May 2011, 2012 and 2013 were collected 
during Norway lobster surveys (with a vessel was 
rigged with a conventional Nephrops trawl of 45  m 
headline and mesh size 80  mm), all were putatively 
identified as blue skate based on their morphology 
and were analysed with the CR sequence to confirm 
their identity. A further 37 skates captured from the 
North Sea (Shetland) and seized from a commercial 
boat in June 2012 were morphologically identified as 
the flapper skate and tissue samples were obtained for 
18, which were sequenced for the CR. Samples iden-
tified simply as ‘common skate’ were also collected 
from long-term scientific longline surveys off the 
coast of the Azores (n = 2, from 2011 and 2012). Pho-
tographs (Online Resource 1) of skate in the Azores 
subsequently allowed the identification of these indi-
viduals as flapper skate, using morphological charac-
teristics outlined by Iglésias et  al. (2010). An addi-
tional sample captured by a commercial trawler in the 
eastern North Sea in 2009 was also analysed (Online 
Resource 2). Tissue samples were preserved in abso-
lute ethanol prior to storage at − 20 °C. Extraction of 
genomic DNA was undertaken using the Promega 
(Madison, Wisconsin, USA) Wizard extraction kit. 
All individuals were sequenced for the same highly 
variable partial region of the mitochondrial control 
region, following Griffiths et  al. (2010). The PCR 
products were sequenced by Source Bioscience (Not-
tingham, UK), and the results were checked by eye in 
BIOEDIT version 7.1.11 (Hall 1999).
To place results in a broader phylogenetic context, 
additional sequences from other Dipturus species 
were also included in the dataset (Online Resource 
2). CR sequences were generated using the methods 
described above from four longnosed skate (Diptu-
rus oxyrinchus; Linnaeus 1758) captured off Portu-
gal and two barndoor skate (Dipturus laevis; Mitch-
ill 1818) collected off the south-east Canadian coast 
(previously COI sequenced in Coulson et  al. 2016). 
An additional 30 sequences were obtained from 
GenBank, including sequences for three additional 
Dipturus species (Dipturus nidarosiensis (Storm 
1881), Dipturus kwangtugensis (Chu 1960), Diptu-
rus trachyderma (Krefft and Stehmann 1975); Online 
Resource 3).
Cytochrome oxidase I sequence analysis
Given their rarity and the lack of knowledge sur-
rounding the presence of the blue skate and flap-
per skate in the Azores (Dulvy and Reynolds 2002), 
the two ‘common skate’ samples from this region 
were sequenced for the COI gene following Ward 
et al. (2005). A further 76 COI sequences were also 
retrieved from GenBank, including an additional 12 
Dipturus species (Dipturus trachyderma, Dipturus 
kwangtugensis, Dipturus whitleyi (Iredale 1838), 
Dipturus oxyrinchus, Dipturus laevis, Dipturus nida-
rosiensis, Dipturus cantus; last 2008, Dipturus guderi 
(Whitley 1940), Dipturus lemprieri (Richardson 
1845), Dipturus australis (MacLeay 1884), Diptu-
rus cerva (Whitley 1939), Dipturus confusus (Last 
2008); Online Resource 4). This included two flapper 
skate (samples ‘12.37’ and ‘337’; GenBank accession 
numbers KF604223 and KF604222, respectively) 
and two blue skate (samples ‘12.87’ and ‘3.8’; Gen-
Bank accession numbers KF604218 and KF604220, 
respectively; Online Resource 2) originally from 
 Environ Biol Fish
1 3
Griffiths et  al. (2010). These four samples, and the 
two Azorean ‘common skate’ samples, represented 
the total number of individuals for which both the 
COI and CR sequences are included in the present 
analysis.
Due to the high level of morphological conserva-
tism among skate species there is a possibility of 
misidentification of individuals in the existing data-
sets. Hence, when mining CR and COI sequences 
from GenBank a conservative approach was taken; 
only homologous sequences identified to the species 
level and from peer-reviewed publications in well-
established journals were included for phylogenetic 
analyses. To avoid loss of phylogenetic informa-
tion, sequences from GenBank that were substantial 
shorter than those sequenced in the current study (i.e. 
less than 725 and 580 base pairs for the CR and COI 
genes, respectively) were subsequently excluded from 
the analysis.
To provide an extra level of identification, COI 
sequences produced in the current study (from speci-
mens AZP90 and D45 from the Azores) were also 
referenced against the BOLD (Barcode of Life Data 
System; http:// www. barco dingl ife. org) Identifica-
tion System (BOLD-IDS), a tool that returns species 
-level identification from unknown 5’ COI sequences. 
Additionally, the grouping of these sequences into 
BOLD Barcode Index Numbers (BINs), which cluster 
barcode sequences that create operational taxonomic 
units closely reflective of species groupings, was 
examined (Ratnasingham and Hebert 2007).
Phylogenetic and phylogeographic analysis
CR and COI sequence datasets for all Dipturus 
species were aligned alongside those of outgroups 
Okamejei hollandi and Okamejei kenojei using the 
CLUSTALW plugin in Geneious 6.0.6 (Biomat-
ters, Auckland, New Zealand). The most appro-
priate substitution model for phylogenetic analy-
ses was determined using MEGA 7.0.26 (Kumar 
et  al. 2016). HKY (Hasegawa et  al. 1985) and K2 
(Kimura 1980) were identified as the best models 
for the CR and COI dataset, respectively. However, 
the K2 model is not implemented in MrBayes or 
PhyML; therefore, the next most appropriate model, 
HKY, was selected for the COI instead. All phylo-
genetic reconstruction was conducted in Geneious 
6.0.6. Maximum likelihood (ML) trees were con-
structed using the PhyML (Guindon and Gascuel 
2003) plugin in. The following parameters were 
used: 1000 bootstrap replicates (Felsenstein 1985), 
an estimated gamma distribution parameter, an esti-
mated transition/transversion ratio, proportion of 
invariable sites fixed at 0, 4 substitution rate cat-
egories. Bayesian phylogenetic trees were estimated 
using the MrBayes plugin (Huelsenbeck and Ronquist 
2001); four Monte-Carlo chains were run for 1,100,000 
generations, with sampling frequency set at every 
200 generations. Burn-in length was set at 400,000. 
Sequence divergence was estimated under the 
gamma model, enabling the rate variation to be set 
at four. Consensus trees were built using the Con-
sensus Tree Builder after removing the initial 10% 
burn-in; support threshold was set at 50%.
A distribution map was created using GeoMa-
pApp© (www. geoma papp. org; CC BY Ryan et  al. 
2009) using all flapper and blue skate individuals 
analysed in the current study that had capture location 
information available. This totalled 65 individuals 
sequenced in the current study (Online Resource 2), 
123 individuals sequenced in previous studies (Online 
Resource 3) and one individual (flapper skate) from 
Portugal sequenced for the COI gene, although the 
exact latitude and longitude for this specimen was 
not available (Accession number JQ774529; Online 
Resource 4). Therefore, the distribution map col-
lects together the capture locations of a total of 189 
individuals that have been assigned to species using 
mtDNA sequencing. To reconstruct genealogical 
relationships among haplotypes, a minimum span-
ning haplotype network was creating using TCS 
1.2.1 (Clement et al. 1999) and tcsBU (Santos et al. 
2016), with gaps selected as a fifth character state. 
This network was constructed using all CR sequences 
sequenced in the current study (Online Resource 2) 
and those mined from GenBank for which there was 
location information available (Online Resource 3), 
which corresponded to 188 individuals. Samples were 
grouped based on sea borders (World Atlas 2020): 
Atlantic, Celtic Sea, and North Sea. Although Rock-
all and Iceland are within the Atlantic, they were also 
grouped to reflect their separation from other Atlantic 
D. batis samples by significant oceanographic fea-
tures, e.g. the Rockall Trough or the Maury Sea chan-
nel (Fig. 1).
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Species distribution modelling
Species distribution models to predict the probability of 
the presence of D. batis and D. intermedius in the stud-
ied area were generated with MaxEnt v3.4.4 (Phillips 
et al. 2006). MaxEnt uses a maximum entropy algorithm 
to generate the models, considering environmental vari-
ables and species presence data (Phillips et al. 2006). All 
capture locations for specimens included in Fig. 1 (that 
were DNA sequenced to confirm their identity) were 
used to build the model, with the exception of one sam-
ple of D. intermedius from Portugal (accession number: 
JQ774529) as the exact latitude and longitude of capture 
was not published (Costa et  al. 2012). Environmental 
variables including surface ice thickness mean, surface 
primary productivity mean, surface salinity mean, sur-
face temperature mean, benthic maximum depth primary 
productivity mean, benthic maximum depth salinity 
mean, benthic maximum depth temperature mean, ben-
thic minimum depth primary productivity mean, benthic 
minimum depth salinity mean and benthic minimum 
depth temperature mean were obtained using Bio-Oracle 
(Assis et al. 2017). The coast distance variable was gen-
erated in ArcGis 10.2 (ESRI, Redlands, USA) from the 
species occurrence points using the tool Euclidean dis-
tance. All variables were downloaded (or converted) to 
a resolution of 30 s of arc (~ 1 km2). To avoid collinear-
ity, only variables that were not highly correlated (r < 0.8) 
were included.
In total, 70 different models were generated in MaxEnt 
for each species to select the environmental variables and 
MaxEnt parameters such as regularisation multiplier and 
features. The ENMTools software (Warren et al. 2010) 
was used to select the best model based on the AIC 
values. The final models were run with 1500 iterations 
using the cloclog model output. The parameters were 
defined as regularisation multiplier = 2 for both species, 
three features (linear, quadratic, and hinge) for D. batis 
and one feature (hinge) for D. intermedius. The reliability 
of the modelling result was evaluated using ten-fold 
cross-validations and the area under the receiver operator 
curve (AUC), a measure of the ability of the model to 
distinguish between presence locations and background/ 
pseudoabsences. The model AUC scores were compared 
with 100 null models, generated through resampling the 
‘Benthic minimum depth primary productivity mean’ 
layer in ENMTools (Warren et  al. 2010), to determine 
whether the models performed significantly better than 
random (Raes and ter Steege 2007).
Results
Phylogenetic analysis
Maximum likelihood and Bayesian trees built from 
COI (Fig. 2) and CR sequences (Fig. 3) showed that 
among the Dipturus species, most were resolved with 
Figure 1  a Map detailing the range of the ‘common skate’ in 
2002 (adapted from Dulvy and Reynolds 2002). b Red circles 
represent the geographical locations of all blue skate (Dipturus 
batis) specimens used in phylogenetic analysis. c Green trian-
gles represent the geographical locations of all flapper skate 
(Dipturus intermedius) specimens used in phylogenetic analy-
sis. Dotted lines represent samples that were grouped together 
into geographic units (based on sea boarders) for the CR hap-
lotype network. A single asterisk (*) indicates that the flapper 
skate specimen from Portugal did not have exact latitude and 
longitude information available, and so the approximate loca-
tion has been indicated (as specified by Costa et al. 2012). The 
size of a point is proportional to the number of individuals, and 
the centre of each point represents the latitude and longitude 
for that group of specimens
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moderate to high support (although some key nodes 
in each analysis were weakly supported, i.e. < 70%). 
In COI trees, support was low for Dipturus cerva 
(ML/ Bayesian: 66%/57%). Low support was also 
seen for Dipturus lemprieri in COI ML trees, 
although support was much higher in the Bayesian 
phylogeny (ML/ Bayesian: 55%/100%). The analy-
ses show the ‘northern’ and the ‘southern’ clades of 
‘common skate’ identified by Griffiths et  al. (2010) 
correspond to the species flapper skate (D. interme-
dius) and blue skate (D. batis), respectively, and as 
distinguished by Last et  al. (2016). Again, bootstrap 
support for the separation of these clades was high in 
both the COI and CR trees (Fig. 2, Fig. 3). Interest-
ingly, within both the MrBayes and PhyML CR and 
COI trees, D. batis was not reciprocally monophy-
letic, grouping instead with D. laevis, the barndoor 
skate, a species common to the northwest Atlantic 
(Fig. 2). Genetic distance between these two species 
in trees built from both datasets was also low com-
pared to other well-established sister species (Fig. 2, 
Fig. 3). Several other taxa (D. trachyderma, Dipturus 
kwantugensis, D. laevis, and D. nidarosiensis) were 
not reciprocally monophyletic in CR trees (Fig.  3). 
The inability to resolve some species in the phyloge-
netic analyses could reflect the recent divergence of 
species, confounded by the slow rates of sequence 
divergence in elasmobranchs (Dudgeon et al. 2012).
The original morphological identification of speci-
mens on research cruises from Iceland (blue skate, D. 
batis), Shetland (flapper skate, D. intermedius), and 
the Azorean region (flapper skate, D. intermedius) 
was supported by the genetic analysis. Interestingly, 
the Azorean flapper skate revealed CR and COI hap-
lotypes not shared by individuals in more northerly 
regions analysed in the current study (Fig. 2, Fig. 3). 
One specimen of D. intermedius from Portugal 
sequenced by Costa et al. (2012) also revealed a COI 
haplotype not identified across the other specimens 
included in this analysis (Fig. 2).
Comparison of the two Azorean flapper skate 
COI sequences with species/sequences in the 
BOLD-IDS revealed 100% sequence matches with 
five records. Four were private, but identified as D. 
intermedius, and the remaining record was identi-
fied as D. batis from the Northeast Atlantic (sample 
ID GN2181, dating from 2009, predating the rec-
ognition of D. intermedius and accounting for the 
use of this inconsistent scientific name). No further 
information regarding collection site was available 
for any of these records. This supports the identifi-
cation of the Azorean specimens as D. intermedius 
and indicates that the COI haplotypes that were iso-
lated from the Azores in the current study have been 
Figure  2  a PhyML tree built from COI data; b Mr Bayes 
tree built from COI data. Numbers above branches represent 
support values. Blue numbers below branches correspond 
to accession numbers and location information in Online 
Resource 2 and 4
Environ Biol Fish 
1 3
recorded previously, but their geographic origin 
is unknown. These sequences grouped in a BOLD 
BIN (AAA8675) predominately comprised of sam-
ples identified as D. intermedius or D. cf. interme-
dius, with a 1.68% p-distance to D. oxyrinchus as its 
nearest neighbour, which is consistent with the phy-
logenetic analysis presented here. For comparison, 
COI barcodes of the blue skate included in the phy-
logenetic analysis were also interrogated in BOLD. 
These were grouped into a BOLD BIN (AAC0752) 
that contains a mixture of records from D. batis 
and D. laevis. This is also consistent with the cur-
rent study’s phylogenetic analysis, which failed to 
separate these species strongly and the very short 
genetic distances observed between these taxa in the 
trees presented here.
Phylogeographic analysis
In support of results from Griffiths et  al. (2010), in 
the CR haplotype network, the blue skate group (hap-
lotype diversity 0.5790) was proportionally more 
diverse than the flapper skate group (haplotype diver-
sity 0.3191; Table  1; Fig.  4). The blue skate clade 
included 15 haplotypes shared by 129 individuals, 
with the most common haplotype present in all loca-
tions sampled (Iceland, Rockall, the Celtic Sea, and 
the Atlantic). The flapper skate clade was separated 
by 23 mutational steps and was represented by just 
three haplotypes and 59 individuals (Fig.  4), with 
the most common haplotype present in all sample 
regions, except the Azores. The distinctiveness of the 
Azorean flapper skate samples was supported by the 
haplotype network, their haplotype was three muta-
tional steps away from the most common haplotype 
in this clade. For a detailed breakdown of the number 
of CR haplotypes per location see Online Resource 5.
Figure 3  a PhyML tree built from CR data. b Mr Bayes tree 
built from CR data. Numbers above branches represent support 
values. Blue numbers below branches correspond to accession 
numbers and location information in Online Resource 2 and 3
Table 1  Haplotype information for all cytochrome oxidase I 
(COI) and mtDNA control region (CR) sequences used in phy-
logenetic analysis for the flapper skate (Dipturus intermedius) 
and the blue skate (Dipturus batis)
Flapper skate (Dipturus intermedius)
Parameters COI gene CR gene
Number of samples 7 59
Number of haplotypes 3 3
Polymorphic sites 5 6
Monomorphic sites 575 719
Parsimony informative sites 0 4
Haplotype diversity (Hd) 0.4320 0.3191
Nucleotide diversity (Pi) 0.0422 0.0006
Blue skate (Dipturus batis)
Parameters COI gene CR gene
Number of samples 3 129
Number of haplotypes 2 15
Polymorphic sites 3 10
Monomorphic sites 577 715
Parsimony informative sites 0 7
Haplotype diversity (Hd) 0.6670 0.5790
Nucleotide diversity (Pi) 0.0035 0.0013
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Species distribution modelling
The models were generated using 49 unique loca-
tion records for D. batis (shared by 129 individuals) 
and 27 for D. intermedius (shared by 59 individu-
als). Both models presented good predictive power 
(Table  2) and performed better than null models, 
AUC train range: 0.70–0.78. Surface primary produc-
tivity mean, benthic minimum depth primary produc-
tivity mean, and benthic minimum depth temperature 
mean were the main environmental variables affect-
ing habitat suitability for the target species (Table 2). 
Species distribution models are shown in Fig. 5.
Discussion
A history of significant declines in abundance (Dolgov 
et al. 2005; Ellis et al. 2005), local extirpations (Dulvy 
et  al. 2006) and taxonomic confusion (Griffiths et  al. 
2010; Iglésias et al. 2010) have left the distribution of 
the blue skate (D. batis) and the flapper skate (D. inter-
medius) uncertain, prompting the investigation of their 
respective distributions in the present study. The results 
of the current study were consistent with the conclu-
sions of Griffiths et al. (2010) and Iglésias et al. (2010), 
suggesting that the known ‘common skate’ actually 
represents two distinct species. However, the results 
Fig. 4  Mitochondrial DNA CR haplotype network of flapper skate (Dipturus intermedius) and blue skate (Dipturus batis) sequences 
from samples collected from across the North Atlantic and downloaded from GenBank
Table 2  Results of the species distribution models for Dip-
turus batis and Dipturus intermedius, the number of unique 
location records included in the models (N), AUC scores, and 
the percentage contribution of the different environmental vari-
ables (Bio1, surface ice thickness mean; Bio2, surface primary 
productivity mean; Bio3, surface salinity mean; Bio4, surface 
temperature mean; Bio5, benthic maximum depth primary pro-
ductivity mean; Bio6, benthic maximum depth salinity mean; 
Bio7, benthic maximum depth temperature mean; Bio8, ben-
thic minimum depth primary productivity mean; Bio10, ben-
thic minimum depth temperature mean)
Environmental variables
Species (N) AUC train AUC test Bio1 Bio2 Bio3 Bio4 Bio5 Bio6 Bio7 Bio8 Bio10
Dipturus batis (49) 0.9774 0.9736 1.7827 9.4207 - 4.9905 0.4804 0.0954 - 57.4455 25.7849
Dipturus intermedius (27) 0.9741 0.9610 3.9449 25.4631 0.0142 0.0459 8.4787 - 3.6101 58.4428 -
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did not support the suggestion by Griffiths et al. (2010) 
that a latitudinal separation between both groups exists. 
Indeed, species distribution modelling suggests some 
overlap in habitat between these two species. For the 
first time, genetic data supported the occurrence of 
the blue skate in Iceland and the flapper skate in the 
Azores. The confirmation of the occurrence of flap-
per skate in seamounts in the Azores was a significant 
finding. It underlines that the distribution of D. inter-
medius was perhaps once much more extensive and fits 
with the narrative of local expiration and range-wide 
declines of this species. The identification of novel 
haplotypes from these flapper skate was also signifi-
cant, highlighting the potential role of the Azores as a 
refugia for genetic diversity.
The integration of molecular data now per-
mits a synthesis of spatial distribution information 
concerning these threatened species of skate. Since 
Dulvy and Reynolds’ assessment of the ‘common 
skate’ species complex in 2002, it is clear that divi-
sion of this species has produced two groups with 
heavily restricted ranges (Fig.  1). The smaller spe-
cies, nominally D. batis, occurs mainly in the West-
ern Approaches and the Celtic Sea, extending out 
to Rockall in the Northeast Atlantic (Griffiths et  al. 
2010; Frost et  al. 2020), with results of the current 
study demonstrating its occurrence around Iceland. 
The ‘common skate’ has long been recorded as a 
bycatch species in Icelandic fisheries. Historically, 
they were fairly common, but landings might nowa-
days only represent a small proportion (~ 10%) of 
what was landed 50 years ago (WGEF 2019). Inter-
estingly, D. batis was not reciprocally monophyletic 
in COI or CR sequence phylogenies, instead samples 
Fig. 5  Species distribution models to predict the probability 
of the presence of Dipturus batis and Dipturus intermedius in 
the Northeast Atlantic generated with MaxEnt v3.4.4. a Model 
detailing the range of suitable habitat for D. batis. b Model 
detailing the range of suitable habitat for D. interemedius 
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grouped with D. laevis with shallow levels of genetic 
distance between the two species compared to other 
well-established sister species. The failure to separate 
these taxa has been noted in previous studies (Ball 
et al. 2016), and comparisons of blue skate sequences 
with those found in BOLD BINs showed that this 
species grouped into a BOLD BIN (AAC0752) con-
taining a mixture of records from D. batis and D. lae-
vis. In the current analysis, the COI and CR regions 
have not been concatenated, allowing the ability of 
each sequence to distinguish species to be assessed 
(and across the datasets key individuals and taxa lack 
sequences that limit the integration of these data). 
However, low statistical support was seen in both CR 
and COI trees, which has been partially overcome 
in previous analysis by combining these sequences 
(Griffiths et  al. 2010). Indeed, the incorporation of 
other mitochondrial genes into the current dataset 
may also help to improve support in the phylogenetic 
analysis. The NADH2 gene may represent a good 
candidate to further resolve the mitochondrial phylog-
eny; due to its high level of polymorphism, it has been 
successfully used for species delineation in batoids 
(Naylor et al. 2012; Lim et al. 2015; Henderson et al. 
2016). Further analysis of poorly resolved taxa, like 
D. batis and D. laevis, perhaps employing next-gener-
ation sequencing (NGS) and utilising greater numbers 
of nuclear DNA markers, may be required to resolve 
questions relating to the taxonomic integrity of these 
long-standing species.
The larger species, D. intermedius, was not found 
in Rockall, which is consistent with previous research 
(Griffiths et  al. 2010; Frost et  al. 2020), and inclu-
sion of samples from Iceland here did not identify the 
species in this region (blue skate are more abundant 
in these areas). Instead, the flapper skate appears to 
be mainly present off Northern Ireland and Scotland 
(Griffiths et al. 2010; Frost et al. 2020), including the 
northern North Sea, with individuals less commonly 
found in the Celtic Sea (Frost et  al. 2020). This is 
consistent with previous research, suggesting ‘com-
mon skate’ were regularly observed off the coast of 
northern and northwest Scotland, Ireland and the 
Celtic Sea (Dulvy and Reynolds 2002; Dulvy et  al. 
2006; Neat et al. 2015). Rare individuals of these spe-
cies were also previously reported in the North Sea 
(e.g. Ellis et al. 2005; Silva et al. 2012; ICES 2012). 
Further north, ‘common skate’ are known to occur 
around Shetland (Walker and Hislop 1998; Dulvy 
et  al. 2006), and the data presented here suggested 
that populations in this area were mainly comprised of 
flapper skate; this is consistent with previous research 
(Griffiths et  al. 2010; Frost et  al. 2020) and reports 
from grey literature (Shark Trust, 2009; Shark Trust, 
2010). Such reports also suggest Shetland’s role in 
supporting significant numbers of flapper skate eggs, 
joining the western Scottish coast as potential nurs-
ery areas for this species (Shark Trust 2010). Identi-
fication and protection of such regions is vital in the 
conservation of D. intermedius. This is all the more 
important given the threat of scallop dredging in the 
region, which remains the third most important sector 
of the UK fishing industry (The Scottish Fishermen’s 
Federation 2018), and which could potentially lead to 
the damage or removal of skate eggs sharing the same 
habitat. Further investigation of the impacts of dredg-
ing on skates is needed to properly assess the conser-
vation implications.
Historically, the range of the ‘common skate’ was 
described as extending much further northwards than 
Shetland into Scandinavia (Fig.  1). The distribution 
modelling for both species also suggests the suit-
ability of habitat along the Norwegian coast. Whilst 
no samples of ‘common skate’ could be obtained 
from Norway for the present study, previous analy-
sis of ‘common skate’ from Norwegian and Swedish 
museum collections, from both morphology and DNA 
barcoding, generally suggested the historic presence 
of blue skate in the region (Viinamäki 2010). More 
recent work also suggests misidentification may be at 
the root of some records of occurrence, especially in 
more northerly regions (Lynghammar et al. 2014).
The southern range limits of ‘common skate’ his-
torically encompassed the island of Madeira and 
northern Morocco, and the Mediterranean Sea, 
although it is now thought to be locally extinct in the 
Black Sea and the Levantine Mediterranean basin 
(Serena 2005). It is notable that recent inspections of 
fish markets at ports from 2014 to 2016 also failed to 
demonstrate the presence of any blue or flapper skate 
along the Atlantic coast of Morocco (S. Hook, per-
sonal communication). However, a single specimen 
of ‘common skate’ from the continental shelf of Por-
tugal (Costa et  al. 2012) was identified as a flapper 
skate, and the two flapper skate individuals collected 
from seamounts in the Azores suggested this species 
may once have had a much wider distribution that 
extended into more southerly regions. Establishing 
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the historical distributions of endangered skate is an 
essential part of informing conservation and IUCN 
Red List assessments (Dulvy et  al. 2006), and these 
results were consistent with evidence from historical 
accounts of the occurrence of the ‘common skate’ 
(which has been hypothesised to have been confused 
under the name Raja macrorynchus; Rafinesque 
1810; Moreau, 1881) across Europe (e.g. Clark 1926; 
Wells 1958; Fig. 1). These Azorean specimens could 
represent a relict population, insularised by increased 
fishing pressure and subsequent large-scale declines 
and extirpation of skates in waters associated with the 
European continental shelf (Dulvy et  al. 2002). The 
relative inaccessibility of the Azores, lack of signif-
icant trawl fishing and the fact that this species has 
little commercial importance in the region, may have 
protected the skate from overfishing there (Abecasis 
et  al. 2015). Furthermore, the Azores have some of 
the earliest designations of marine protected areas 
(MPAs), meaning it is likely that a population of flap-
per skate could have persisted. Although many of 
these MPAs were originally coastal and do not corre-
spond to the deeper waters in which these specimens 
were captured, coastal areas have been shown to be 
important habitats for benthic skates (Shark Trust 
2010; Abecasis et al. 2015). Given the limited haplo-
type diversity associated with more northern popula-
tions of flapper skate (59 specimens from the Atlantic, 
eastern North Sea, and Shetland shared just three CR 
haplotypes; Fig.  4), the identification of unique CR 
haplotypes from these Azorean specimens supports 
this conclusion and highlights the general importance 
of Azorean seamounts in facilitating the preservation 
of genetic diversity for this species (Reboleira et  al. 
2011). Comparisons of these Azorean COI barcodes 
with sequences in BOLD show other individuals with 
the same COI haplotype, but the geographic origins 
of these BOLD records remain unknown. The unique 
COI haplotype from the flapper skate specimen from 
Portugal (Costa et al. 2012) reinforces the genetic dis-
tinctiveness of southern D. intermedius populations.
The flapper skate now appears to occur mainly in 
northern Scotland and Ireland, with rarer individuals 
having been caught in the Celtic Sea (Frost et al. 2020). 
This is likely to be a heavily reduced range for this spe-
cies, particularly as the ‘common skate’ is thought to 
have historically been present in much of the North 
Atlantic (Brander, 1981; Dulvy and Reynolds, 2002; 
Dolgov et al. 2005; Ellis et al. 2005). However, a note of 
caution should be taken when inferring the historical 
range of this cryptic species; due to the lack of accu-
rate fisheries data it is impossible to know whether 
historical accounts of ‘common skate’ correspond to 
flapper skate or blue skate or both. Reported skate 
landings are often misidentified or are not reported 
on a species-specific basis. For example, doubts about 
the validity of historical identifications of ‘common 
skate’ across France and the Mediterranean region 
have been raised, due to potential misidentifications 
with the Norwegian skate (D. nidarosiensis) and the 
longnosed skate (D. oxyrinchus) (Dulvy et  al. 2006; 
Iglésias et  al. 2010). Nevertheless, due to its very 
large size (up to 2288  mm in length, Iglésias et  al. 
2010), low fecundity, and long period required to 
reach reproductive maturity (approximately 11 years; 
Dulvy et al. 2006), the flapper skate is probably more 
vulnerable to overfishing than the generally smaller 
blue skate (Dulvy et  al. 2000; Dulvy and Reynolds 
2002). This species appears to have undergone steep 
declines in number across its range (Iglésias et  al. 
2010) and eventually suffered fisheries-induced local 
extinctions.
The current study provides new, broader-scale 
distribution models for both D. intermedius and D. 
batis than those that have been previously published 
(Pinto et al. 2016; Frost et al. 2020), thereby aiming 
to provide a tool to inform the proper designation 
of conservation measures for these highly vulner-
able species. Modelling shows considerable overlap 
of suitable habitat between flapper and blue skate 
at the broad Northeast Atlantic scale, despite pre-
vious work suggesting that potential differences 
in latitude (Griffiths et  al. 2010) or temperature 
(Griffiths et  al. 2010; Frost et  al. 2020) may con-
tribute to the separation of these species geographi-
cally. Indeed, high habitat suitability is identified for 
both species in northern regions of the North Sea, 
the coastal areas off northern Scotland, the Western 
Approaches, and the Celtic Sea. Suitable habitat is 
further identified in regions where one or both spe-
cies have been reported to have largely disappeared, 
but historically may have been present, e.g. the Irish 
Sea, Norwegian Sea, northern Norway, and south-
ern areas of the North Sea. It is also interesting 
that areas around Rockall, and further north around 
Iceland, are also highlighted as suitable habitat for 
both species, despite only D. batis being identified 
in these regions. Modelling also highlights suitable 
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habitat for D. intermedius in southern areas, sug-
gesting a wider distribution for this species. High 
habitat suitability is shown around the Portuguese 
coast, supporting the published barcode record of a 
single specimen from the continental shelf of Portu-
gal (Costa et al. 2012) identified as D. intermedius 
in the current study. Further spots of suitable habi-
tat are also identified within the Mediterranean Sea, 
potentially supporting the historic occurrence of 
this species in the region. Whilst this data provides 
useful insights into the distributions of the blue and 
flapper skate, the relatively small number and low 
density of capture locations used to inform habitat 
models in the current study could limit modelling 
accuracy. Further data will undoubtedly refine the 
accuracy of such models (Merow et al. 2013).
The present study has important implications 
for the management of the taxa formerly known as 
the ‘common skate’. A detailed geographical dis-
tribution of the two species, the blue and the flap-
per skate, is presented and incorporates novel data 
from individuals collected from as far north as 
Iceland and as far south as the Azores. This study 
also includes the first species distribution models 
for both species across the Northeast Atlantic. It 
contributes to a better knowledge of the distribu-
tions of D. batis and D. intermedius, and hence to 
a proper designation/implementation of conserva-
tion measures for these highly vulnerable species. 
Points of future research include a genetic analy-
sis of these two species utilising a greater range 
of molecular markers, in order resolve patterns 
of fine-scale genetic structuring and investigate 
wider taxonomic uncertainties. Furthermore, new 
global conservation assessments of the flapper and 
blue skate are needed in the face of the new taxo-
nomic and distributional data.
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